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Abstract 
Recent visions for the factory of the future highlight the importance of integrating the pillars of Knowledge Management (KM) in the whole 
manufacturing divisions involved in the product lifecycle development. The increasing usage of ICT tools in the factory coming with the digital 
(PLM, ERP, MES, etc.) and smart (IoT, RFID, Wi-Fi, etc.) manufacturing paradigms contributes to this vision with the aim of supporting 
factory workers in conducting better production outcomes. However, this expansion results a data and information overflow making the 
handling of the access to the exact needed information more and more complex. This fact explains the need for a contextual access to the 
information and more generally to the knowledge set in the factory. Based on some fundamentals derived from ubiquitous computing 
paradigm, this paper proposes an approach to handle contextual access to the manufacturing knowledge.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Manufacturing knowledge is obtaining more and more vital 
position as a key success of the factory. The vision to 
maximize the benefits of knowledge management in 
production environments is shared between both industrial and 
research communities. The continuously changing landscape 
of today’s factory leads managers to focus on new ways to 
manage with more efficiency their production systems. This 
need for the adoption of new industrial practices is combined 
with the technological evolution coming with the new ICT 
trends. 
 The digital factory paradigm helps industrials to manage 
their data and knowledge capital. This concept integrates the 
usage of different IT based solutions (PLM, ERP, MES, 
MPM, etc.) that support factory stakeholders on the 
achievement of their daily activities (design, planning, 
optimization, etc.). In addition to these management systems, 
knowledge and decision support systems have been designed 
and implemented with the same objective of assisting factory 
actors [1]. Even though that all of these tools showed their 
ability to assist different tasks, the amount of data generated 
by these systems during the product lifecycle development, 
from the emergence of the idea to the after sales service 
activities management, is exponentially increasing. According 
to [2], in order to tackle this problem, the full potential of 
knowledge management should be tapped and more 
sophisticated and intelligent management approaches of 
enterprise’s knowledge have to be proposed.  
It is fundamental to say that the knowledge is defined as an 
information in a specific context [3]. However, the working 
environment today is being more and more dynamic and 
complex. The human being is surrounded by different 
elements influencing the interpretation of the information. We 
are talking now on multi-contextual working environments 
that current knowledge based systems cannot handle. In 
addition, the interpretation of the information being addressed 
is not influenced only by the context but also by the ability of 
the knowledge based system user to assimilate it. 
The aim of the research proposal presented in this paper is 
to investigate how context-awareness notion developed in the 
ubiquitous computing paradigm [4] can supports the process 
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of knowledge reuse in multiple contexts that may be 
confronted in the production system. The intent is to achieve 
knowledge omnipresence in the factory environment and 
reduce information overflow.  
The contribution put forward a context-aware conceptual 
framework aiming to respond to different working situations 
[5] that a worker may encounter in his/her daily activities. The 
framework can be plugged to knowledge based systems or 
other information systems used in the factory to enhance the 
awareness of their users regarding each activity they are 
doing. 
After introducing the general context of the paper, the 
second section attempts to set a clear vision about the research 
problematic and the motivations behind the research proposal. 
The proposed context-aware knowledge reuse approach is 
presented in the third section of the paper. The fourth section 
gives further discussions. 
2. Motivations and problem statement 
2.1. Human being positioning in the factory of the future 
Complementary visions contribute to the initiative of the 
factory of the future. According to [6], the factory of the 
future requires holistic production systems with learning 
capabilities integrated into the entire product lifecycle, from 
the design and initial configurations to after-sales services. In 
particular, the smart factory aims to enhance the control and 
the optimization of factory processes based on advanced ICT 
tools. 
When the question about how the factory of the future will 
be conducted is raised, the importance of giving more 
emphasis to the role of the human being is discussed. The 
positioning of the human being as a key driver for better 
factory performance has been pointed out by many visions 
and roadmaps about the factory of the future. Mainly, [6] 
outlined that the next production systems will be more 
human-centered: “Factories are the place of humans work. 
Humans generate and drive factories. Humans are the most 
flexible resource in the manufacturing system. […] Humans 
can use computational intelligence to learn and overcome 
“oblivion” and taking advantages of computational 
knowledge. […] Their motivation and their creativity as well 
as their experience are the driving forces for innovation, 
adaptation and optimization in manufacturing”.  
That said, the next generation of knowledge based systems 
used to support humans activity should contributes to this 
vision. The integration of cognitive aspects and the 
enhancement of the workers awareness about the business 
process in the working environment are needed. 
2.2. The need for intelligent knowledge management 
In the context of continuous challenging environment that 
today’s enterprises are living, knowledge reuse plays a major 
role in enhancing workers training and their decision-making 
abilities. 
To conduct manufacturing activities, workers need to have 
a detailed understanding of the process, the product and the 
used resources. Factory workforce has to face complicated 
working situations that sometimes require quick and efficient 
response. The usage of knowledge-based systems to support 
manufacturing activities has been emerged as an appropriate 
solution to deal with the complex activities of the production 
line such as planning, control and optimization.  In many 
cases, knowledge based systems manage 
According to [7], the challenge for knowledge-based 
systems is to support tailoring and summarizing of 
information collected from massive, heterogeneous and 
distributed sources depending on user needs.  
In addition to the user needs, we estimate that a knowledge 
based system has to forward the information in a proper 
format that corresponds to its consumer. This means that the 
information has to be understandable and its meaning has to 
be easy to interpret. The assimilation of the information do 
not depends only how it is forwarded to the user but also 
his/her maturity level comes into play. Therefore, knowledge 
should be modeled and formalized by taking into account this 
important requirement. 
2.3. The emerging paradigm of ubiquitous computing 
As we are moving towards the factory of the future, many 
IT trends are emerging. One important emerging concept is 
the ubiquitous computing (UC). Even that the foundations of 
ubiquitous computing have been set up by Weiser [4] from 
early 90’s, the emerging of UC applications is still up to date. 
The main reason for that is that technologies now are in a 
more mature stage that allows to this paradigm to see the 
lights. The concept of UC is based on the vision that 
computers will be deeply incorporated in our daily life until 
they “disappear”. Context-awareness is considered as a core 
feature of UC. It relies on the context notion with the aim of 
increasing ubiquitous systems capabilities to adapt the 
services they provide according to the situation of their user. 
The term “context-aware” was firstly used by Schilit [8] in 
1994. Since then, a significant amount of prototypes and 
solutions has been developed. However, the ubiquitous 
computing still not well investigated by the manufacturing 
research community.  
The challenge of applying the concepts of UC in 
manufacturing domain has been shared with recent works 
such as in [9] where the application of UC features (context-
awareness, proactivity, etc.) in the computer aided design 
domain has been discussed. Moreover, this interest was also 
shared by European research initiatives and projects such as 
Sense&React [11] and Self-Learning [10] projects. 
To sum up, research questions addressed in this paper are: 
how can we structure the manufacturing knowledge in such 
way that takes into account its completeness degree? and how 
the access to this knowledge can be enhanced by means of the 
fundamentals concepts of ubiquitous computing?  
In order to respond to these requirements, the next section 
describes the proposed approach of ubiquitous knowledge 
exploitation. 
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3. Proposed approach: towards an ubiquitous access to 
multi-scaled manufacturing knowledge 
The proposed approach (Figure 1) is articulated on two 
main features that aim to “bridge” the gap between humans 
and their working environment: 
x Structuring the knowledge set on multiple scales 
where each scale corresponds to a completeness 
knowledge level about the activity.  
x Designing a conceptual adapter framework to allow 
each user of the knowledge based system to access 
contextually to the appropriate knowledge set.  
 
Fig. 1. Overall view of the context-aware knowledge access approach. 
3.1. Multi-scale knowledge structuring 
Existing knowledge structuring approaches in the literature 
did not consider one important pillar, which is the cognitive 
ability of the knowledge consumer. Knowledge based systems 
provides generally relevant information to enhance the 
decision-making and knowledge acquisition processes. But, 
what if the user is still in a maturity integration level that does 
not make him/her capable to understand the provided 
information? This challenge is even more interesting when the 
role of the knowledge-based system is to support the user by 
means of a centralized knowledge repository (expert rules, 
technical documentation, etc.) and not just by inferring data 
by applying an artificial intelligence technic. 
Taking into account these facts, we estimate that 
knowledge must be structured in some way that corresponds 
to the level of understanding of each activity in the production 
system. Knowledge based systems should take into account an 
adaptation process in order to give each user the relevant 
knowledge set according to what he/she can understand and 
leads him/her to a more complete one. For example, one 
cannot explain deeply the know-how of a manufacturing 
process to his/her colleague before giving him/her basic 
information on how to switch on the machine. This example 
seems obvious in a socialized knowledge transfer [12] 
however, it is more complicated when the machine intervenes 
to support the knowledge transfer process. 
Much interest has been given to the competence notion in 
the research community. The competence is generally defined 
as putting knowledge into action. According to [3], the 
competence is the ability to exploit knowledge and resources 
to conduct an activity in a constrained given context and to 
reach a goal. The Dreyfus brothers proposed in [13] a model 
for skills structuring. The framework is based on five different 
scales: 
x Novice: has an incomplete understanding, 
approaches tasks mechanistically and needs 
supervision to complete them. 
x Beginner: has a working understanding, tends to 
see actions as a series of steps, can complete 
simpler tasks without supervision. 
x Competent: has a good working and background 
understanding, sees actions at least partly in 
context, able to complete work independently to a 
standard that is acceptable though it may lack 
refinement. 
x Proficient: has a deep understanding, sees actions 
holistically, can achieve a high standard routinely. 
x Expert: has an authoritative or deep holistic 
understanding, deals with routine matters 
intuitively, able to go beyond existing 
interpretations, achieves excellence with ease 
[14]. 
The model is used mainly on assessing and supporting the 
progress in the development of skills. 
  Therefore, the multi-scale knowledge structuring 
approach proposed in this work aims to structure the 
knowledge set into multiple scales. Precisely, the approach is 
based on the hypothesis that knowledge can be decomposed 
on three different levels. Each level translates a completeness 
level about an activity in the factory and a competence level 
of each worker: novice, intermediate and expert. We consider 
that a knowledge set can be represented as a collection that 
incorporates knowledge about the product, the process, and 
the used resources [3] [15]. The knowledge Ki is the triplet: 
 
ܭ௜ ൌ൏ ܭ ௜ܲȁܭܲݎ௜ȁܭܴ௜ ൐ 
 
Where KPi, KPri and KRi represent respectively the 
knowledge subset about the products, processes and 
resources. A knowledge base that encompasses these 
knowledge fragments can be represented by the set: 
 
ܭܤ ൌ ሼܭ௜ǡ ݅ א ሺͳǤ Ǥ ݊ሻሽ 
  
 With respect to the multi-scale structuring hypothesis, the 
knowledge base can be structured in three completeness 
levels:  
ܭܤ ൌ ሼܭ௜௝ǡ ݅ א ሺͳǤ Ǥ ݊ሻǡ ݆ א ሺͳǤ Ǥ͵ሻሽ 
 
The multi-scaled knowledge base that implements this 
approach intends to store and to formalize different forms of 
knowledge. This means to include tacit knowledge by 
formalizing expert knowledge and explicit knowledge. The 
scientific backbone of the approach is that this multi-scaling 
can enhance the learning process in working places and helps 
the workers to acquire more knowledge about the activity that 
he/she is performing in an implicit way. In addition, this 
approach can reduce the information overload by giving the 
beginner, intermediate and expert workers the appropriate 
amount of the knowledge set. The multi-scaled knowledge 
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base is formalized using conceptual graphs [16] however, its 
representation is beyond the scope of this paper. 
As mentioned above, the main purpose of the proposed 
structuring approach is to provide the access for each actor in 
the factory to the appropriate set of knowledge according to 
his/her expertise level. However, having access to this 
knowledge set depends not only on the expertise level but also 
on multiple parameters such as the activity, the role, etc. 
These parameters should be presented explicitly and managed 
(captured, inferred, stored, etc.) separately from the 
knowledge base which is the role of the context model. 
3.2. Modeling the context in working environment 
As outlined in the previous section, the context is generally 
defined as the set of elements having implicit and explicit 
effect on the activity. In a previous work [17], we proposed a 
context model (Figure 2) that allows handling all of these 
elements. In fact, the context model intends to support a 
knowledge based system in perceiving the current situation of 
its user. 
 
 
Fig. 2. Proposed context model 
The proposed context model is based on the foundations of 
activity theory [18] and built according to three different 
points of view: operational, organizational and user-centric 
dimensions of context:  
x Operational context: this dimension is related to the 
activity of the worker. The process is decomposed into a 
set of activities that can be in turn divided into a multiple 
numbers of tasks. The aim of the operational view of the 
context is to determine, in execution time, in which 
process, activity and task the worker is involved. 
x Organizational context: the organizational context intended 
to determine the context of the worker among the factory 
life from organizational point of view. This helps the 
system to know: To which team belongs the worker and 
what is his/her exact role in this team? Inferring such 
related information allows the association an 
organizational degree of freedom to each worker.  
x User-centric context: the user-centric dimension of context 
elements is related to the user profile. The user is defined 
through a set of context parameters describing mainly 
his/her competency profile and characterizes the 
knowledge domain of the system user. 
The context model is used to structure a context repository 
that includes all the situations that may happen in the working 
environment. 
3.3. The context-knowledge adaptation engine 
After presenting the main idea behind the multi-scale 
knowledge structuring approach and the context model used 
in this work, this part of the paper will points out the 
conceptual framework proposed to handle the ubiquitous 
knowledge reuse process. We called this framework (Figure 
3) the context-knowledge adaptation engine since it aims to 
extract the knowledge set that fits with a given user context. 
 
 
Fig. 3. Architecture of the context adaptation engine. 
The reference architecture of the adaptation engine is 
designed following Service Oriented Architecture (SOA) 
principles [19]. The objective behind this choice is to allow a 
knowledge based system developed under this adaptation 
engine to be easily “plugged” with other IT systems in the 
factory. 
Context-awareness is achieved by different components 
that support the management of context information as 
showed in Figure 3. The role of the context data extractor 
component is to extract the context data from context sensors 
and different existing IT systems. The ERP system for 
example, is widely used in production lines. The workers are 
prompted to update the current state of the product into the 
ERP system when finishing their work. The context data 
extractor aims at this level to extract such information and 
update the context model. In addition, physical context 
sensors can be deployed in order to give additional contextual 
information (e.g. by adding an NFC tag on the product). 
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Once the context data are gathered, the context inference 
process consists of applying inference stored rules in order to 
generate other additional context information about the 
current situation.  
The context identifier aims to zero in on the context 
recognition. This means to compare different context 
elements being extracted and inferred with other situations 
stored in the context repository. 
At the next stage of the adaptation process, the knowledge 
configuration extractor aims to extract the relevant knowledge 
set to a given context. Therefore, this component takes a 
situation as input and forward a knowledge set configuration 
according to it as output. With respect to Weiser’s vision [4] 
about ubiquitous computing, this adaptation process has to be 
invisible to the user. The knowledge forwarding has to be 
proactive as much as possible. Since, according to the founder 
the ubiquitous computing paradigm, a computer technology 
can be considered as ubiquitous if it anticipates user’s needs 
in a normal or particular situation and acts proactively to 
provide the appropriate information or assistance. This 
interesting feature adds an additional challenge to the 
implementation process. 
4. Discussions and application scenario 
The proposed approach here raised the need for the new 
generation of knowledge based systems to provide 
mechanisms and advanced technics to avoid information 
overload problems. To this need, we outlined that in one hand, 
knowledge structures should be based on cognitive approach 
that formalizes it into multi skills based scales. In the other 
hand, the access to this knowledge set should takes into 
account the current situation of the worker. For that, we 
estimated that this feature can be supported by means of 
ubiquitous computing concept and mainly the context-
awareness notion derived from it. Based on this assumption, 
we proposed a conceptual framework for an adaptation 
engine. Future developments will implement this engine on a 
mobile knowledge based system as a black box taking 
captured context information as input and forwarding 
contextual knowledge sets as output.  
As an application scenario for illustrating the potential of 
the approach, we consider a factory for metal beds production. 
The factory has two production lines one is for assembly tasks 
and the other one is for metal forming processes. In this 
example, we consider that the approach is implemented in an 
assistant system. John Doe is a novice worker working in the 
metal forming production line. His daily activities cover all 
manufacturing activities in different working stations (metal 
frames stretching, bending, machining, etc.). He needs to use 
the assistant system in order to get a checklist with the tasks 
that he has to do and explanations on working instructions. 
The assistant system in this example is equipped with a 
barcode scanner and Wi-Fi connection. In addition, an indoor 
localization module is implemented. 
The illustration scenario begins when John access to the 
assistance system with his IDs and introduces the working 
order reference. The context data extraction begins with 
extracting all relevant data that corresponds with these initial 
filled ones. In the first stage, the indoor localization module 
gives “spatial” contextual information about the location of 
the user in the factory with the aim of knowing in which 
production line and machine he will conduct his work. To 
consolidate these information, the context data extractor 
component communicates with the ERP system to gather 
additional information about  in which process the working 
order is being executed. The results of this sub process 
indicate that the current John activity is bending the bed 
frames with the N76 bending machine in the manufacturing 
production line. Once all of these context information 
gathered, the next step will apply inference rules to generate 
additional ones which is the role of the rules engine. For 
example, if the filled user ID is “1253”, the worker in the 
current situation is novice. After that, the role of the context 
identifier comes into play. The context identifier takes as 
input the inferred context information and compares them 
with other stored situations in the context repository. If the 
situation already exists in the base, the context identifier 
extracts its id otherwise the module creates a new one and 
forwards it in both cases to the knowledge configuration 
extractor. At this level of the assistant system execution, the 
current situation of the user is perceived. The user requests 
the checklist needed to accomplish his work. So, the role of 
the knowledge configuration extractor here is to extract the 
checklist that fits with the identified situation. The checklist 
corresponds of a list of bending process tasks with working 
instructions explanation of each one. According to the multi-
scale structuring approach, the tasks and their explanation are 
adapted to the user skills profile. For example, the checklist 
includes process initial launching knowledge that will not be 
needed if the user is expert. Some of tasks are done 
unconsciously by experts and they don’t need any more 
explanations about them contrary to novice workers.  
5. Conclusion and outlook  
The research proposal reported in this paper highlights the 
significance of context elicitation and modeling in handling 
the access to manufacturing knowledge. A multi-scale based 
approach has been introduced to structure the manufacturing 
knowledge set according to different completeness levels. The 
approach introduced here meets the challenge of forwarding 
context-aware knowledge to factory stakeholders and 
reducing the information overflow by giving the exact needed 
ones in the appropriate format. 
The application scenario reports how to apply the assistant 
system to extract contextual knowledge about manufacturing 
activities. Future studies will implement a proof of concept of 
the proposed approach in a knowledge assistance system and 
test it in real case study of a factory production line. In 
addition, we intend to measure the performance of the system 
to respond to each situation stored in the context base. 
Moreover, future research will propose algorithms allowing 
the context adaptation engine to handle the mapping process 
between the perceived situation from real working 
environment and the multi-scaled knowledge sets. 
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